The coupling reaction between 5-bromo-3-phenylbenzo[c]isoxazole and diphenylamine followed by further condensation with a mono-, di-or ter-acetyl aromatic compound in the presence of diphenyl phosphate at 145 o C gave a novel asymmetric diarylquinolines, oligoquinolines with diphenylamine endgroups, and a first generation quinoline dendrimer in 41-82% isolated yield. The electrochemical and photophysical properties of the oligoquinolines were characterized by cyclic voltammograms (CVs) and spectroscopy. All the quinolines emit bright sky blue light due to charge transfer from quinoline group to diphenly amine with very high quantum efficiency (> 90%). Organic light-emitting diodes (OLEDs) were fabricated using these quinolines as emitting materials. Among different device architectures explored, OLEDs with a structure of ITO/PEDOT (40 nm)/TAPC (15 nm)/D-A quinoline (40 nm)/TPBI (30 nm)/LiF (1 nm)/Al using TAPC as an electron blocking layer and TPBI as a hole blocking layer gave the best performance. A high external quantum efficiency in the range of 1.2-2.3% were achieved in all the quinolines with the best performance in BBQA(5). Our results indicate diarylamino-substituted oligoquinoline and dendrimer are promising materials for OLEDs applications.
Introduction
During the past few years, variety of organic light emitting diodes (OLEDs) have been fabricated and reported in the literature for improving the OLED efficiency. The challenging goal of OLEDs is clearly connected to the commercialization of full-color flat-panel displays.
1 Since the builtin intramolecular charge transfer in the donor-acceptor structure can lead to small band gap in the organic semiconductors, conjugated small organic molecues having donoracceptor architectures are currently of great interest for their useful applications in semiconducting electronic devices and have their own characteristic properties.
Quinolines are significantly important not only for their significant biological 2 and pharmaceutical activities 3 but also for their enhanced electronic, optoelectronic, or nonlinear optical properties with excellent mechanical properties of light emitting small molecules, dendrimers and polymers. Since quinoline compounds were first introduced by Stille and coworkers, 5 a variety of conjugated small quinoline molecules or polyquinolines have been extensively studied with the aim of achieving stable OLEDs with high brightness and external quantum efficiency (EQE).
6
Thermally stable semiconducting quinolines are known to be as an excellent n-type electron-acceptor which can be utilized in photonic and electronic applications.
7 Even though 4-phenyl or alkyl quinolines are known to be excellent building blocks for the design of electron-acceptor (n-type) conjugated linear-chain polymers and dendrimers with high electroluminescence (EL), electron transport, electrochemiluminescence (ECL), nonlinear optical, and other advanced electronic properties, [8] [9] [10] [11] hole injection and electron donating properties of the quinolines still need improvement. One of the challenges of improving hole injection and transport (electron-donating) properties are introducing donor p-type architectures having amino functionality.
A number of general synthetic methods are available for the synthesis of quinolines and the most generally approached method is the acid catalyzed Friedländer synthesis.
12
Even though some useful acetyl compounds bearing conjugated aromatic substituent can be purchased or reported, the availability of new functionalized 2-aminobenzophenone derivatives for the preparation of n-type quinoline analogues has been seriously limited for developing more highly efficient quinoline derivatives having good EL devices. The synthesis of 2-aminobenzophenones linking with halogens, 13 NHCOCF 3 23 and symmetric bis-benzophenones 24 moiety have been reported so far. However only few materials can be used in the quinoline synthesis to enhance the overall performance of an EL device in flat panel displays.
Our new diphenylaminobenzophenones for the Friedländer condensation are designed with different N-substituted phenyl functionality in the phenyl rings, which are linked with amino group at 2 position and benzoyl group attached at the neighbor carbon. The para-position of the aryl rings is blocked with electron-donating N,N-diphenylamino groups, which enhances the radical cation stability of these molecules a highly desirable quality for hole transporters, and the device efficiency by elevating the HOMO energy levels of the molecules for ease of hole injection/transporting in the film.
In hope of combining both good electron-affinitive properties of the n-type quinoline moieties and the efficient holeinjection/-transport properties of the p-type diarylamine functionality into a single donor acceptor bipolar material, we have synthesized various donor-acceptor diarylamino quinolines based small molecules as well as first generation of new donor acceptor dendrimer and investigated their photophysical properties to enhance the overall performance of an EL device.
Result and Discussions
Synthesis and Characterization. The structures of 1-6 are depicted in Figure 1 . As a key intermediate in the synthesis of 1-6, we designed and synthesized new benzophenones 8 containing diphenylamino functional moieties which are useful for the synthesis of variety of light-emitting quinolines. As shown in Scheme 1, the first step in the synthesis of 8 involves condensation reaction of commercially available 4-nitro-bromobenzene and benzyl cyanide to obtain bromobenzisoxazole 25 with 62% yield using potassium hydroxidecatalyst. Nucleophilic addition of diphenylamine followed by treatment with Fe in the presence of aqueous acetic acid gave the desired N,N-diarylamino benzophenones 9. The reductive cleavage of the N-O bond of 8 using a reflux condenser was monitored by TLC. After completion of the reaction, an aqueous work-up afforded 9. A subsequent Friedländer quinoline synthesis of 1-6 is shown in Table 1 . The reaction between 9 and variety of actyl compounds such as acetophenone, 4-acetyl-biphenyl, 1-(4-(9H-carbazol-9-yl)phenyl)ethanone, 4,4'-diacetylbenzene, 4,4'-diacetylbiphenyl and 1,3,5-triacetylbenzene were completed within 12-48 hr at 145 o C gave 1-6 in the presence of diphenyl phosphate (DPP)/m-cresol with 41-82% yield respectively. In the case of entry 6 (Table 1) , the reaction between 1,3,5-triacetylbenzene and 3.3 equivalent of 9 gave moderate yields after 48 hr. Using a large excess of 9 (5-10 equivalent) or longer reaction time (3-5 days) under the same conditions did not help to significantly increase the yield of BTQA 6. The successful coupling reaction between the respective acetyl compounds and 9 were proved by the disappearance of acetyl methy peak and increased hydrogen integration near aromatic region in the 1 H NMR spectra of 1-6.
13
C NMR spectra of 1-6 also did not show any carbonyl peaks around 200 ppm which are due to the complet conversion of acetyl compounds to corresponding 1-6. Additional definitive evidence for all six quinolines and oligo- Electrochemical Properties. The redox properties of the diarylamino-substituted quinolines were characterized by electrochemistry and their cyclic voltammograms (CVs) curves measured in toluene/acetonitrile (1.5:1 v/v) solutions are shown in Figure 2 . All the D-A molecules have nearly identical onset oxidation potencials with the peaks ranging from 0.69 to 0.77 eV (vs. SCE) as expected because all the molecules have the same diphenylamine groups. The oxidation of the biphenylamine group in BQA(2) and CPQA(3) was irreversible but reversible in PBQA(4), BBQA (5), and BTQA(6). For BQA(2) and CPQA(3), a second oxidation peak respectively from biphenyl and carbozole group were also observed at 0.99 and 0.94 eV. From the onset of oxidation potencial, we estimated the ionization potentials (IP = E ox onset + 4.4) 26 of BQA(2), CPQA(3), PBQA(4), BBQA (5) , and BTQA(6) to be 5.09, 5.12, 5.12, 5.12 and 5.17 eV, respectively. The reduction CV (Figure 2 ) of compound BQA(2), CPQA(3) and BBQA(5) revealed one reversible reduction waves with half-wave potentials of −1.93, −2.25, and −2.19 eV vs SCE. These values are very close to the reported reduction potential of the monomeric phenylquinoline (PQ) (E 1/2 = −1.99 V). 27 The electron affinity (EA) of BQA(2), CPQA(3), and BBQA(5) thus can be estimated to be 2.42, 2.15, and 2.21 eV (EA = E 1/2 + 4.4), respectively. For PBQA(4), the reduction wave split into two waves with the half-wave potentials at −2.12 and −2.25 eV, indicating that the two amine groups in PBQA(4) are electronically decoupled and they are reduced at a slightly different potential. An electron affinity (EA) of 2.28 eV was estimated from the half-wave potential of the first reduction wave of PBQA(4). Different from other D-A compounds, no reduction wave was observed in BTQA(6). This may be caused by the large planar structure of BTQA(6) with relatively smaller band gap, which makes it difficult to accept electron. The electrochemical band gaps of BQA, CPQA, PBQA and BBQA deducted from their EA and IP are 2.67, 2.97, 2.84, 2.91 eV, respectively. The electrochemical propteries of the D-A quinolines are summarized in Table 1 . The EA of BTQA (6) is calculated to be 2.15 eV from IP and absorbance band gap (2.99 eV) as will be discussed below.
Photophysical Properties. Figure 3 shows the normalized optical absorption (a) and photoluminescence (b) spectra of the D-A quinolines BQA(2), CPQA(3), PBQA(4), BBQA (5), and BTQA (6) measured from their CH 3 Cl solutions. All the quinolines have three absorption bands with the peaks at 310, 355, and 409 nm for BQA(2), 297, 349, and 410 nm for CPQA(3), 306, 360, and 425 nm for PBQA(4), 310, 354, and 418 nm for BBQA (5) and 301, 350, and 410 nm for BTQA(6). The high energy absorption bands with wavelength lower than 380 nm are from the π-π* transitions while the low energy absorption bands can be assigned to the intermolecular donor-acceptor charge transfer absorption. Among the five compounds, BBQA(5) shows the strongest low BQA (2) CPQA (3) PBQA (4) BBQA (5) BTQA (6 energy absorption with a peak at 425 nm, indictating strongest intermolecular charge-transfer propterty. All the five quinolines emit very similar blue-green light in solution with the peak at about 482 nm (Figure 3(b) ) because all the emission originates from the charge transfer from diphenyl amine to quinoline group. The full width at half maximum (fwhm) of the emission is 63 nm. For CPQA (3), an additional small emission peak from carbazole group at 410 nm was also observed, indicating insufficient or no charge transfer from carbazole to quinoline. Figure 4 shows the normalized UV-vis absorption and PL spectra of the quinoline thin films prepared by thermal depositon. It is obvious that the quinoline films have very similar absorption characteristics to their corresponding solutions with the charge transfer absorption at 419, 420, 432, 426, and 415 nm for BQA(2), CPQA(3), PBQA(4), BBQA (5) and BTQA(6), respectively. The optical absorption band gaps of the five donor-acceptor quinolines deducted from the charge transfer peak are 2.97, 2.95, 2.87, 2.65 and 2.99 eV, in good agreement with the electrochemical band gaps obtained from their CVs ( Table 2) .
The photoluminescence spectra of the quinolines obtained from the thin films are quite different from that observed in solutions (Figure 3(b) ). The emission peaks of BQA(2), CPQA(3), PBQA(4), BBQA (5) and BTQA(6) locate at 487, 493, 495, 486, and 494 nm, which are red-shifted by 5 to 13 nm compared to that of the solutions. In addition, except for BBQA (5), the emission of the films become broader and the fwhm of BQA(2), CPQA(3), PBQA(4), and BTQA(6) increased to 81, 123, 81, and 67 nm, respectively (Table 2) . Emission shoulders at longer wavelength of 563 and 562 nm are also observed in BQA(2) and CPQA(3) films. The broadening of the emission in thin films can be explained by intramolecule charge transfer in solid state, which is common for donor-acceptor molecules or polymers with planar structure.
The fluorescence quantum yield (φ f ) of the quinolines measured in dilute (10 −5 M) toluene solutions are given in Table 3 . All the compounds show very high photoluminescence efficiency with the φ f values of 92.3%, 93.4%, 92.6%, 94.0%, and 94.5% for BQA(2), CPQA(3), PBQA(4), BBQA (5), and BTQA(6), respectively, indicating efficient charge transfer emission in these donor-acceptor oligoquinolines and dendrimer.
Electroluminescence Properties. OLEDs using the D-A quinolines as the emissive layers were fabricated and their performance was evaluated in air. Different device structures have been explored to study the EL properties of these donor-acceptor materials. Single layer device has the quinoline directly sandwiched between the ITO anode and LiF/Al cathode, double device has hole injection/transport layer inserted between the anode and the active layer, and multiply layer device has both hole injection/transport layer and electron transport layers to enhance charge injection. Sky blue emission originated from the D-A quinolines was observed in all devices regardless of the device structure. Table 4 summarized the EL performance of BBQA (5) . Due to the introduction of the hole injection layer PEDEOT and hole transport layer PVK, the turn-on voltage of device b was decreased to 3.5 V. When hole transport layer PVK was replaced by TAPC, the turn-on voltage of device c was further decreased to 3.0 V (Table 4) Figure   5 ) were discussed. The EL spectra of devices using BQA(2), CPQA(3), PBQA(4), BBQA (5), and BTQA(6) as emission layers are shown in Figure 5 and current and luminancevoltage characteristics are given in Figure 6 . All the donoracceptor molecules show very promising EL performance. The turn-on voltages of all the devices are pretty low, ranging from 3.0 to 4.0 V. This can be explained by low band-gap of these donor-acceptor molecules as discussed above. The brightness obtained from BQA(2), CPQA(3), PBQA(4), BBQA (5), and BTQA(6) are 7993, 16828, 8425, 12464, and 11915 cd m −2 with the luminous efficiency of 1.6, 3.57, 1.67, 2.5, 2.38 cd/A, respectively. The highest efficiencies achieved from BQA(2), CPQA(3), PBQA(4), BBQA (5) , and BTQA(6) are 2.95, 4.68, 3.12, 4.28 and 3.91 cd/A, which correspond to external quantum efficiency (EQE) of 1.22%, 1.78%, 1.23%, 2.28%, and 1.58%, respectively. The EL characteristics of these five devices are summarized in Table 4 .
Because all the donor-acceptor molecules show very similar solution photophysical properties and PL quantum yield (Table 2 and 3), the difference in the EL performance should come from the difference in the solid states. From the EL spectra of the five devices ( Figure 5 ), it is obvious that only BBQA(5) emitted single peak, identical to that of the solution and thin film, confirming no intramolecular interaction in this film. For BQA(2) and CPQA(3), PBQA(4), and BTQA(6), except for the main peak around 490 nm, emission shoulders respectively at 562, 563, 577, and 563 nm are also observed, similar to that of the PL in the thin films (Figure 4(b) ). The intramolecualr interaction in BQA, CPQA, PBQA, and BTQA should account for the relatively low EL performance. We also notice that EL spectra of BBQA (5) is independent of the applied volage while the EL spectra of the other quinolines with intramolecular interaction show voltage dependent EL spectra with the emission shoulder decreased as the voltage increasing.
Conclusion
In this study, we have described the synthesis of diphenylamino-2-aminobenzophenone which facilitated the Fried- länder condensation reaction of asymmetrically substituted quinolines 1-3 as well as conjugated oligoquinolines bearing diphenylamine endgroups in moderate to good yields. All the donor-acceptor quinolines showed identical photoluminescence spectra and high quantum yield in solution due to similar charge transfer from the diphenylamine to quinoline. Very promising electroluminescene properties was achieved in these quinolines with a high external quantum efficiency Experimental Materials and Methods. N,N-Diphenylamine, potassium tert-butoxide, toluene, CH 2 Cl 2 , DPP, m-cresol, 1,3,5-triacetylbenzene and acetyl starting materials were used as received from Aldrich. Potassium tert-butoxide was dried and stored in an oven at 130 °C. All reactions requiring anhydrous condition were performed in oven-dried glassware under argon or N 2 atmosphere. TLC was performed on precoated glass plate-silica gel 250-μm (Baker Si250F) with detection by UV light. Flash column chromatography was performed on silica gel (230-400 mesh). The 1 H NMR spectra were recorded on a 300 MHz and 75 MHz on a FT-NMR Bruker 300. The spectra were recorded using CDCl 3 as the solvent at room temperature. The solvent signals were used as internal standards for both 1 H NMR and 13 C NMR. Chemical shifts are given in ppm and referenced to internal tetramethylsilane (TMS, δ = 0 ppm). Matrix-assisted laser desorption time-of-flight mass spectra (MALDI-TOF MS) were recorded on a PERKIN-ELMER (USA) Voyager-DE PRO.
Photophysical Characterization. UV-vis absorbance spectra were recorded on a Perkin-Elmer model Lambda 900 UV/vis/near-IR spectrophotometer. The photoluminescence (PL) emission spectra were obtained with a Photon Technology International (PTI) Inc. model MQ-2001-4 spectrofluorimeter. The PL quantum yields of the donor-acceptor molecules in toluene were estimated by using a 10 −5 M solution of perylene (Φ f = 97%) in toluene as a standard. All solutions were degassed with nitrogen for 15-20 min before spectral acquisition.
Electrochemical Characterization. CV experiments were carried out on an EG&G Princeton Applied Research Potentiostat/Galvanostat (Model 273A). Data were collected and analyzed by using Model 270 Electrochemical Analysis System Software. A three-electrode cell was used in all experiments. Platinum-wire electrodes were used as both counter and work electrodes and a Ag/Ag + electrode (Ag in a 0.1 M AgNO 3 solution, Bioanalytical System) was used as the reference electrode. The Ag/Ag + electrode were then BQA (2) CPQA (3) PBQA (4) BBQA (5) BTQA (6) converted to the SCE scale. Electrochemistry was performed on 1 mM solutions of the molecules in a 1.5:1 benzene/ acetonitrile solvent mixture. An electrolyte solution was 0.1 M TBAPF 6 in acetonitrile. All the solutions were purged with high-purity nitrogen for 10-15 min before each measurements and a blanket of nitrogen was used during the experiment. The scan rates were 100-200 mV s −1 . Devices. Fabrication and Characterization of OLEDs: ITO-coated glass substrates (Delta Technologies, Stillwater, MN) were cleaned sequentially in ultrasonic bathes of acetone, deionized water and isopropanol. The substrates were then put in isopropanol steam for two minutes and dried at 60 ºC in a vacuum overnight. A 40 nm thick PEDOT as hole-injection layer was spin-coated on the top of ITO and dried at 200 ºC for 15 min under vacuum. Before spincoating, the as received PEDOT solution was diluted by ca. 20% with 1:1 (v/v) water/isopropanol solution and was filtered through 0.45 μm poly(vinylidene difluoride) syringe filter. The hole-transport and electron-blocking layers of PVK (20 nm) or TAPC (15 nm) were obtained by spincoating on top of PEDOT from 0.5-0.7 wt % solutions in toluene and drying in a vacuum at 60 ºC overnight. Before spin-coating, the solutions were filtered through 0.2 μm PTFE syringe filters. The film thickness was measured by an Alpha-Step 500 surface profiler (KLA Tencor, Mountain View, CA). Thin films of the D-A molecules (40-50 nm) and electron-transport layer TPBI were sequentially evaporated on the PVK/TAPC layers from resistively heated quartz crucibles at a rate of 0.1-0.3 nm s −1 in a vacuum evaporator (Edwards Auto 306) at a base pressure of < 3 × 10 −6 Torr. The chamber was vented with air to load the cathode materials, pumped down and then a 1 nm thick LiF and 80 nm thick aluminum layer were sequentially deposited through a shadow mask on the top of the organic layers. The active diode areas are 0.2 cm 2 . EL spectra were obtained using a PTI QM-2001-4 spectrophotomter. Current-voltage characteristics of the LEDs were measured by using a HP4155A semiconductor parameter analyzer (Yokogawa Hewlett-Packard, Tokyo). The luminance was simultaneously measured by using a model 370 optometer (UDT Instruments, Baltimore, MD) equipped with a calibrated luminance sensor head (Model 211) and a 5 × objective lens. The device external quantum efficiencies were calculated by using procedures reported previously.
1 All the device fabrication and characterization steps were carried out under ambient laboratory conditions. Synthesis of 5-Bromo-3-phenylbenzo[c]isoxazole (7). To a 500 mL round-bottomed flask equipped with a mechanical stirrer, thermometer and a nitrogen line was charged KOH (51 g, 0.9 mol) and MeOH (150 mL). After stirring 2 hr vigorously, benzyl cyanide (5.8 g, 0.05 mol) and 4-nitro-bromobenzene (10 g, 0.05 mol) in THF (90 mL) were added and the reaction mixture was allowed to stir for 7-8 hr at room temperature. The reaction was monitored by TLC. The mixture was precipitated using distilled water to form yellow solid. The crude yellow product was filtered and the flask was rinsed with an additional 500 mL of distilled water. The filtrate was dissolved in hot methanol (500 mL) and some insoluble solids were filtered from the mother liquor. The solution was allowed to cool slowly to room temperature in which time a yellow precipate formed. The product was dried in vacuo and isolated as a yellow powder ( Synthesis of (2-Amino-5-(diphenylamino)phenyl)-(phenyl)methanone (9). A mixture of 5-bromo-3-phenyl-2,1-benzisoxazole, 7 (2 g, 7.3 mmol, 1 eq), diphenylamine (1.49 g, 8.8 mmol, 1.2 eq), Pd(dba) 2 (0.14 g, 0.15 mmol, 0.02 eq), P(t-bu) 3 (0.03 g, 0.15 mol, 0.02 eq), and potassium tert-butoxide (1.31 g, 12 mmol, 1.6 eq) were charged in a two-necked flask kept under nitrogen. Toluene (40 mL) was added and the resulting mixture was heated at 85-90 o C using reflux condenser for 24 h under nitrogen atmosphere. After cooling to room temperature, the reaction was quenched with water (30 mL). The organic layer was taken into 100 mL of CH 2 Cl 2 , and washed with brine solution (2X) and distilled water. After drying over MgSO 4 , evaporation of the solvent under vacuum resulted in 8 as a yellow solid (1.5 g, 4.1 mmol, 56%). A solution, containing 1.5 g (4.1 mmol) of 8 in acetic acid (40 mL) was heated on a water-bath and 2 g (35.8 mmol) of iron powder was added over 2.5 hours, during which time, 10 mL of water was also added. The mixture was filtered while hot and then 60 mL of water was added. The yellow precipitate was collected by filtration and washed with cold water. The crude product was purified by silica-gel column chromatography using ethyl acetate/ hexane (1:9) as eluent. After recrystallization from ethanolwater afforded 9 as a yellow powder (1.3 g, 64%); mp 300°C
; 7.54 (2H, d), 7.45 (2H, m), 7.29 (1H, m), 7.23-7.20 (6H, m), 7.02 (4H, m), 6.95 (2H, m), 6.83 (1H, m) and 6.21 (broad 2H, NH 2 ) ppm.
13
C NMR (75 MHz/ CDCl 3 ) δ 198. 09, 147.75, 147.64, 139.31, 135.96, 133.48, 131.90, 131.40, 129.39, 129.05, 127.97, 122.37, 121.73, 118.60 and 118.26 Synthesis of 2,2',2''-(Benzene-1,3,5-triyl)tris(N,N,4-triphenylquinolin-6-amine), BTQA (6). A mixture of N,Ndiphenyamino-2-aminobenzophenone (2.4 g, 6.6 mmol, 3.2 equiv.), 1,3,5 triacetylbenzene (0.5 g, 2 mmol, 1equiv), DPP (2.5 g) and m-cresol (1.2 g) in a round bottomed flask with magnetic stirrer was purged with argon for 20 min, and then the temperature was gradually raised to 90 °C under argon atmosphere for 1 h and then to 140 °C for 36 h. After cooling to room temperature, the reaction mixture was diluted with 150 mL of CH 2 Cl 2 . The mixture was washed twice with 10% aqueous NaOH solution and twice with distilled water. The combined organic layer was dried with anhydrous MgSO 4 , and evaporated to dryness. The crude product was purified by column chromatography (10% ethyl acetate/90% hexane) on silica gel followed by recrystallization to give bright yellowish needle-like crystals (1 g, 0.83 mmol, 41%). mp 295-297 °C, 1 H NMR (300 MHz, CDCl 3 ) δ 9.05 (s, 3H), 8.21 (d, 3H, J = 6.42 Hz), 8.05 (s, 3H), 7.54 (m, 3H), 18H), 12H), 12H) and 7.05 (t, 6H).
C NMR (75 MHz/CDCl 3 ) δ 154. 95, 147.55, 147.33, 145.99, 145.63, 140.99, 138.15, 130.94, 129.48, 129.31, 128.41, 128.27, 127.02, 126.91, 126.60, 124.62, 123.38, 119.87, 116.84, 115.43, and 114.59 ppm. IR (neat); 3058.l48, 2924 .96, 2852 .51, 1617 .74, 1587 .38, 1545 .16, 1488 .57, 1466 .16, 1395 .22, 1286 .32, 1178 .11, 1029 13 C NMR (75 MHz/CDCl 3 ) δ 155. 22, 147.44, 147.31, 145.86, 145.61, 139.82, 138.15, 130.87, 129.34, 129.30, 128.97, 128.78, 128.39, 128.26, 127.30, 127.04, 126.37, 124.56, 123.36, 119.58, and 116.85 ppm. IR (neat); 3057.29, 1610 .99, 1588 .76, 1484 .39, 1462 .42, 1360 .63, 1360 .63, 1273 .32, 1155 .79, 1072 2-(Biphenyl-4-yl)-N,N,2,4-triphenylquinolin-6-amine, BQA (2): Same procedure for 6 was employed using a mixture of N,N-diphenyamino-2-aminobenzophenone (0.14 g, 0.38 mmol, 1 equiv.), 4-acetyl-biphenyl (196.24/0.09 g, 0.46 mmol, 1equiv) , DPP (0.75 g) and m-cresol (0.1g) in a round bottomed flask with magnetic stirrer. Flash chromatography (10% ethyl acetate/90% hexane) gave 2-(biphenyl-4-yl)-N,N,2,4-triphenylquinolin-6-amine, BQA (2) 71, 147.15, 147.32, 145.89, 145.67, 141.72, 140.66, 138.69, 138.17, 130.88, 129.36, 129.32, 128.82, 128.42, 128.28, 127.67, 127.50, 127.11, 127.06, 126.42, 124.59, 123.37, 119.46 and 116.85 ppm. IR (neat); 3033.73, 1617 .54, 1588 .78, 1541 .92, 1484 .82, 1464 .08, 1394 .53, 1357 .58, 1274 .07, 1172 .65, 1067 2-(4-(9H-carbazol-9-yl)phenyl)-N,N,4-triphenylquinolin-6-amine, CPQA (3): The synthesis of 1-(4-(9H-carbazol-9-yl)phenyl)ethanone using 9H-carbazole and 1-(4-bromophenyl)ethanone was performed according to a procedure described in the literature 28 with 42% yield. Same procedure for 6 was employed using a mixture of N,Ndiphenyamino-2-aminobenzophenone (0.37 g, 1.02 mmol, 1 equiv.), 1-(4-(9H-carbazol-9-yl)phenyl)ethanone (0.09 g, 0.32 mmol, 1equiv), DPP (2 g) and m-cresol (0.2g) in a round bottomed flask with magnetic stirrer. Flash chromatography (10% ethyl acetate/90% hexane) gave 2-(4-(9H-carbazol-9-yl)phenyl)-N,N,4-triphenylquinolin-6-amine, CPQA (3) as a bright yellowish needle-like (0.46 g, 0.75 mmol, 79%). mp 223-225 °C.
1
H NMR (300 MHz, CDCl 3 ) δ 8.39 (2H, d, J = 6.78 Hz), 8.17 (d, 2H), 7.83 (1H, s), 7.72 (2H, d), 7.58-7.39 (12H, m), 7.33-7.24 (7H, m), 7.15 (3H, d) and 7.08 (2H, t).
13
C NMR (75 MHz/CDCl 3 ) δ 147. 25, 146.01, 140.74, 138.20, 138.01,135.12, 134.80, 133.26, 130.09, 129.96, 129.37, 128.83, 128.48, 127.27, 127.20, 125.51, 125.02, 124.69, 129.51, 120.34, 120.06, 119.53, 116.85 and 109.88 ppm. IR (neat); 3057.76, 1618 .01, 1587 .49, 1542 .04, 1585 .96, 1449 .57, 1363 .63, 1272 .30, 1228 .59, 1169 .96, 1118 + 613.2518; found, 614.4314. 2,2'-(1,4-Phenylene)bis(N,N,4-triphenylquinolin-6-amine), PBQA (4): Same procedure for 6 was employed using a mixture of N,N-diphenyamino-2-aminobenzophenone (2.5 g, 6.8 mmol, 2.2 equiv.), 1,4-diacetylbenzene (162.19/0.5 g, 3.1 mmol, 1 equiv), DPP (2.5 g) and m-cresol (0.2 g) in a round bottomed flask with magnetic stirrer. Flash chromatography (10% ethyl acetate/90% hexane) gave 2,2'-(1,4-phenylene)bis(N,N,4-triphenylquinolin-6-amine), PTPQA (4) as a bright yellowish needle-like (3.6 g, 4.4 mmol, 68% 48, 147.31, 145.97, 138.15, 130.91, 129,38, 129.32, 128.43, 128.30, 127.67, 127.06, 126.53, 124.62, 123.40, 119.53 and 116.80 ppm. IR (neat); 3060.05, 1616 .21, 1580 .06, 1544 .72, 1485 .10, 1457 .81, 1438 .58, 1351 .60, 1270 .09, and 1167 .42 cm 
C NMR (75 MHz/CDCl 3 ) δ 154. 64, 147.47, 147.32, 145.91, 145.69, 141.13, 138.92, 138.18, 130.91, 129.37, 129.32, 128. 43, 128.30, 127.73, 127.46, 127.08, 126.46, 124.60, 123.39, 119.43 and 116.86 ppm. IR (neat); 3050.31, 1617 .50, 1587 .33, 1484 .53, 1536 .19, 1462 .39, 1354 .26, 1272 .33, 1250 .59, 1187 .91 and 1028 . 
MALDI-TOF-MS

